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FOREWORD 
T h i s  B u l l e t i n  i s  p u b l i s h e d  i n  f u r t h e r a n c e  o f  t h e  
p u r p o s e s  o f  NASA g r a n t  NGL 03-002-313 e n t i t l e d  " A p p l i c a -  
t i o n  o f  Remote S e n s i n g  t o  S t a t e  a n d  L o c a l  Government . "  
The p u r p o s e  o f  t h e  g r a n t  i s  t o  a s s i s t ,  w i t h  t h e  u s e  o f  
NASA h i g h - a l t i t u d e  p h o t o g r a p h y  a n d  s a t e l l i t e  i m a g e r y ,  
s t a t e  a n d  l o c a l  a g e n c i e ~  whose r e s p o n s i b i l i t y  l i e s  i n  
p l a n n i n g ,  z o n i n g ,  a n d  e n v i r o n m e n t a l  m o n i t o r i n g  a n d / o r  
a s s e s s m e n t .  
T h i s  r e p o r t  i s  t h e  s i x t h  i n  a  s e r i e s  o f  p u b l i c a t i o n s  
d e s i g n e d  t o  p r e s e n t  i n f o r m a t i o n  b e a r i n g  on r e m o t e  s e n s i n g  
a p p l i c a t i o n  i n  A r i z o n a .  T h i s  s t u d y  d e t a i l s  t h e  C o c h i s e  
County  P l a n n i n g  D e p a r t m e n t ' s  e f f o r t s  t o  d e l i n e a t e  a r e a s  
s u b j e c t  t o  i n u n d a t i o n  by s t o r m  r u n o f f  i n  a  p r e d o m i n a n t l y  
r u r a l ,  b u t  r a p i d l y  u r b a n i z i n g  s e m i - a r i d  a r e a .  The p r o j e c t  
was f u n d e d  j o i n t l y  by  t h e  NASA g r a n t  a n d  t h e  C o c h i s e  Coun ty  
P l a n n i n g  D e p a r t m e n t .  
INTRODUCTION 
P o p u l a t i o n  p r e s s u r e s  upon t h e  l a n d  r e s o u r c e s  o f  A r i z o n a  
h a v e  r e s u l t e d  i n  t h e  s a l e  and  d e v e l o p m e n t  o f  a r e a s  s u b j e c t  t o  
i n u n d a t i o n  b y  f l o o d w a t e r s .  T h e s e  p r o b l e m s  a r e  m a g n i f i e d  i n  . 
t h e  p r e d o m i n a n t l y  r u r a l  a r e a s  o f  A r i z o n a  w h e r e  t h e  a v a i l a b i l i t y  
o f  r e l a t i v e l y  l o w - p r i c e d  a g r i c u l t u r a l  l a n d  a n d  t h e  i n a d e q u a c y  
o f  l a n d - u s e  c o n t r o l s  a l l o w  v a r i o u s  l a n d  s p e c u l a t i o n  s c h e m e s  
and  u n p l a n n e d  s u b d i v i s i o n  g r o w t h .  
P r o j e c t  C o n c e p t  
I n  r e s p o n s e  t o  t h e  p r o b l e m  o f  f l o o d p l a i n  d e v e l o p m e n t ,  
t h e  A r i z o n a  l e g i s l a t u r e  p a s s e d  House B i l l  2010 on  3 May 
1973 .  T h i s  b i l l  d i r e c t e d  l o c a l  g o v e r n m e n t  a g e n c i e s  t o  o u t l i n e  
1 0 0 - y e a r  f l o o d p l a i n s  i n  a r e a s  o f  o n g o i n g  l 3 n d  d e v e l o p m e n t  and  
t o  c o n s t r u c t  a  s e t  o f  o r d i n a n c e s  f o r  l a n d - u s e  management  i n  
t h e s e  a r e a s .  House B i l l  2010 ,  a n d  i ts  s u p p o r t i n g  d o c u m e n t a t i o n  
f rom t h e  A r i z o n a  W a t e r  Commiss ion ,  o u t l i n e d  a  s e t  o f  g e n e r a l  
p r o c e d u r e s  f o r  t h e  d e l i n e a t i o n  o f  f l o o d p r o n e  a r e a s ,  b u t  was 
d i f f i c u l t  t o  i m p l e m e n t  a t  t h e  c o u n t y  l e v e l  b e c a u s e  o f  l i m i t e d  
f i n a n c i a l  a n d  p e r s o n n e l  r e s o u r c e s  and  a  n ine -mon th  t i m e - f r a m e  
f o r  i n i t i a l  c o m p l i a n c e .  
T h i s  r e p o r t  d e s c r i b e s  t h e  f l o o d p l a i n  d e l i n e a t i o n  p r o j e c t  
c o n d u c t e d  b y  t h e  P l a n n i n g  D e p a r t m e n t  o f  C o c h i s e  C o u n t y ,  A r i z o n a ,  
u s i n g  NASA a c q u i r e d  d a t a .  I m a g e r y  f r o m  E a r t h  R e s o u r c e s  
T e c h n o l o g y  S a t e l l i t e  .(ERTS-11 and  h i g h - a l t i t u d e  a i r c - a f t  was  
employed  i n  t h e  p r o j e c t .  
I f  a  p l a n n i n g  s t a f f  i s  t o  manage l a n d  u s e  w i t h i n  a  
c o u n t y - s i z e d  j u r i s d i c t i o n  o f  o v e r  4 m i l l i o n  a c r e s ,  i t  m u s t  
h a v e  a c c e s s  t o  a  d a t a  b a s e  w h i c h  c a n  b e  u p d a t e d  t o  m o n i t o r  
c h a n g e s  i n  l a n d  u s e ,  and  w h i c h  p r e s e n t s  d a t a  i n  a  f o r m  w h i c h  
r e q u i r e s  a  minimum o f  i n t e r p r e t i v e  t ime a f t e r  a n a l y t i c  
t e c h n i q u e s  h a v e  b e e n  d e v e l o p e d .  The o u t p u t  o f  t h e  ERTS-1 
p r o g r a m  m e t  t h e s e  s p e c i f i c a t i o n s  f o r  t h e  f o r m u l a t i o n  o f  t h e  
d a t a  b a s e  f o r  l o c a l  p l a n n i n g  e f f o r t s .  T h i s  r e m o t e l y - s e n s e d  
d a t a  was e f f e c t i v e l y  u s e d  w i t h  e x i s t i n g  a v a i l a b l e  c o u n t y  maps,  
s u c h  a s  t h e  s o i l  s i i r v e y ,  g e o l o g i c a l  a n d  t o p o g r a p h i c  maps ,  and  
n a t u r a l  r e s o u r c e  and  l a n d - u s e  maps a v a i l a b l e  f r o m  s t a t e  a n d  
f e d e r a l  a g e n c i e s .  
The C o c h i s e  C o u n t y  P l a n n i n g  D e p a r t m e n t  i n i t i a t e d  t h e  
f l o o d p l a i n  d e l i n e a t i o n  p r o j e c t  i n  J u n e  1973.  I t  i s  t h e  i n t e n t  
o f  t h i s  r e p o r t  t o  d e m o n s t r a t e  t h a t  a  p r o j e c t  s u c h  a s  t h a t  
s t i m u l a t e d  by House B i l l  2010  c a n  b e  c o n d u c t e d  i n - h o u s e  by  
a  l o c a l  p l a n n i n g  a g e n c y  w i t h i n  t h e  c o n s t r a i n t s  o f  a v a i l a b l e  
f u n d s  a n d  p e r s o n n e l  w i t h  t h e  u s e  o f  r e m o t e  s e n s i n g  d a t a .  A 
c o u n t y  p l a n n i n g  s t a f f  c a n ,  w i t h  d a t a  a c q u i r e d  b y  a e r i a l  s e n s o r s ,  
and  e q u i p m e n t  s u p p o r t  f r o m  u n i v e r s i t y  r e s e a r c h  f a c i l i t i e s ,  meet  
much o f  t h e  d a t a  r e q u i r e m e n t  f o r  r a t i o n a l  p l a n n i n g  d e c i s i o n s .  
E q u i p m e n t  and  Methods  
T a b l e  1 l i s t s  t h e  e q u i p m e n t  u s e d  i n  t h e  c o n d u c t  o f  t h i s  
p r o j e c t .  
T a b l e  1 
C o c h i s e  C o u n t y  P l a n n i n g  D e p a r t m e n t ,  B i s b e e  
1. L i g h t  t a b l e  
2 .  K a i l  K-10 m i r r o r  s t e r e o s c o p e  
3. O v e r h e a d  p r o j e c t o r  a n d  s c r e e n  
4.  3 x  a n d  6x m a g n i f i e r s  
O f f i c e  o f  A r i d  L a n d s  S t u d i e s ,  U n i v e r s i t y  o f  A r i z o n a  
2 1. 1 S c o l o r  a d d i t i v e  v i e w e r  
2 .  L i g h t  t a b l e  w i t h  v a r i a b l e  i n t e n s i t y  c a p a b i l i t y  
3 .  S p a t i a l  d a t a  d e n s i t y  s l i c e r  
The nine-month  t i m e - f r a m e  d e t e r m i n e d  by t h e  l e g i s l a t u r e  
n e c e s s i t a t e d  t h e  s e l e c t i o n  o f  " c r i t i c a l  need"  a r e a s  w i t h i n  
the c o u n t y .  Two p a r a m e t e r s  w e r e  a n a l y z e d  t o  s e l e c t  a r e a s  f o r  
f l o o d p l a i n  d e l i n e a t i o n  s t u d y :  f i r s t ,  a r e a s  o f  imminent  o r  
ongo ing  deve lopment ;  and s e c o n d ,  p o r t i o n  of  t h e  c o u n t y  known 
t o  b e  s u b j e c t  t o  i n u n d a t i o n  by s t o r m  r u n o f f .  The i n t e r s e c t  
between "deve lopment  a r e a s "  and " f l o o d  a r e a s "  formed a  b a s i s  
upon which s t u d y  a r e a s  were  s e l e c t e d .  S e v e r a l  r e c o n n a i s s a n c e  
t r i p s  and c o n s u l t a t i o n  w i t h  p l a n n i n g  and e n g i n e e r i n g  s t a f f  
r e s u l t e d  i n  s e l e c t i o n  o f  t h e  f o l l o w i n g  a r e a s :  (1) W i l l c o x ;  
( 2 )  Turkey C r e e k ;  ( 3 )  Doug las ;  and ( 4 )  S i e r r a  V i s t a - F o r t  
Huachuca ( s e e  F i g u r e  1 ) .  "Area"  i n  t h i s  c o n t e x t  i s  d e f i n e d  
a s  t h e  two a d j o i n i n g  15  m i n u t e s  U.S. G e o l o g i c a l  Survey  topo-  
g r a p h i c  q u a d r a n g l e s  c o n t a i n i n g  t h e  above named l o c a t i o n s  and 
s i g n i f i c a n t  p o r t i o n s  o f  t h e  w a t e r s h e d s  which c o n t r i b u t e  r u n o f f  
i n t o  t h e s e  l o c a t i o n s .  
P a r a m e t e r s  o f  t h e  a n a l y s i s  p r o c e d u r e  were  s o i l s  and 
geomorphology,  v e g e t a t i o n ,  h y d r o l o g i c  c a l c u l a t i o n s ,  and 
h i s t o r i c  d a t a .  Reckendorf  (1968)  h a s  r e p o r t e d  t h a t  t h i s  
" c o m b i n a t i o n  method" i s  an e f f e c t i v e  means o f  d e l i n e a t i n g  
a r e a s  s u b j e c t  t o  p e r i o d i c  f l o o d i n g .  
I t  was found upon a t t e m p t i n g  t o  a s s e m b l e  b a s i c  d a t a  
on w a t e r s h e d  c h a r a c t e r i s t i c s  and s t r e a m f l o w  t h a t  l i t t l e  were 
a v a i l a b l e ;  and a v a i l a b l e  d a t a  from v a r i o u s  s o u r c e s  were  n o t  
i n  ag reement  r e g a r d i n g  b o u n d a r i e s .  A s  an example ,  w a t e r s h e d  
c o n f i g u r a t i o n  maps from v a r i o u s  s o u r c e s  c o n t a i n e d  a  c o m b i n a t i o n  
o f  a c t u a l  w a t e r s h e d  b o u n d a r i e s  and a d m i n i s t r a t i v e l y - d e t e r m i n e d  
b o u n d a r i e s  w h i - h  made t h e  p r o d u c t  u n u s a b l e  f o r  g e n e r a t i n g  a r e a s  
of t h e  n e c e s s a r y  s c a l e .  
A n a l y s i s  o f  w a t e r s h e d  c o n f i g u r a t i o n s  and d r a i n a g e  
p a t t e r n s  was c o n d u c t e d  u s i n g  a  s tep-down p r o c e d u r e  from 
p r e l i m i n a r y ,  s y n o p t i c  views. on ERTS imagery  a t  a  s c a l e  o f  
1 :1 ,0001000 ,  1 : 5 0 0 , 0 0 0 1  and 1 : 2 5 0 , 0 0 0 ,  t o  c o l o r  i n f r a r e d  ?t, 

p h o t o g r a p h s  a t  1 : 1 2 5 , 0 0 0 .  D r a i n a g e  F a t t e r n  a n a l y s i s ,  
u t i l i z i n g  r e m o t e  s e n s i n g ,  i s  a f u n c t i o n  o f  s o i l  c o l o r ,  
t e x t u r e  and  r e s u l t i n g  r e f l e c t a n c e  and  v e g e t a t i o ~ . .  A i l  
i n t e r p r e t a t i o n s  w e r e  g r o u n d - c h e c k e d  t o  c o n f i r m  a c c u r a c y  
o f  l o c a t i o n  o f  p a t t e r n s .  Ground-checks  became f e w e r  a s  
i n t e r p r e t i v e  c o n f i d e n c e  was  d e v e l o p e d .  T a b l e  2  p r o v i d e s  
a  l i s t i n g  o f  t h e  ERTS d a t a  u t i l i z e d .  
T a b l e  2  
ERTS-1 i m a g e r y  u s e d  i n  p r o j e c t  : 
Image I D  D a t e  
-
E 1101-17215-4 /5 /7  0 1  Nov 72 
E 1101-17221-4 /5 /7  0 1  Nov 72 
E 1102-17274-4 \5 /7  02  N O V  72 
E 1102-17280-4 /5 /7  02 Nov 72 
P r o d u c t  o f  ERTS-1 M u l t i s p e c t r a l  S c a n n e r  (MSS) : 
MSS Band S p e c t r a l  Range ( m i c r o m e t e r s )  
4 5 . 0  - 6 . 0  LIm 
5 6.0  - 7 .0  urn 
6 7 .0  - 8 . 0  LIm 
7 8 . 0  - 1 . 1 0  Pm 
S o i l s  and  Geomorphology  
A d e t a i l e d  s o i l s  map s h o u l d  b e  o f  c o n s i d e r a b l e  u s e  
i n  f i o o d p l a i n  d e l i n e a t i o n  b e c a u s e  s o i l s  a s s o c i a t e d  w i t h  f l o o d  
a r e a s  a r e  c h a r a c t e r i s t i c a l l y  young and  d e v e l o p m e n t  h a s  b e e n  
m i n i m a l .  F l o o d p l a i n  s o i l s  l a c k  d e v e l o p e d  B h o r i z o n s ,  a s  
compared  t o  o l d e r ,  more m a t u r e  s o i l s  n o t  s u b j e c t  t o  f l o o d i n g .  
A "B h o r i z o n "  i s  an  a r e a  o f  a l l u v i a t i o n  of c l a y s  a n d  t y p i c a l l y  
b l o c k y  s t r u c t u r e .  
The s o i l s  map o f  C o c h i s e  County  (SCS, 1 9 7 1 )  showed 
an a r e a  o f  Whitehouse-Forrest-Tubac s o i l  a s s o c i a t i o n  n c r t h e a s t  
o f  W i l l c o x .  T h i s  a s s o c i a t i o n  c o n t a i n s  d e v e l o p e d  s o i l s ,  and  
no  f l o o d i n g  h a z a r d  i s  n o r m a l l y  c o n n e c t e d  w i t h  t h e s e  s o i l s .  
F i e l d  s t u d y  r e s u l t i n g  f rom t h i s  s o i l ' s  u n u s u a l l y  .?flee- 
t a n c e  on ERTS MSS 4 ,  5 ,  a n d  6 and  c o l o r  i n L r a r e d  , , : lotog . rohy 
were  d e f i n i t e l y  f l o o d p r o n e  and  had  b e e n  i n u n d a t e ?  r e c e n t l y .  
E x a m i n a t i o n  o f  s o i l  p r o f i l e s  r e v e a l e d  a  s h a l l o w  (8-15 cm.) 
o v e r b u r d e n  o f  r e c e n t  a l l u v i u m .  F u r t h e r  s t u d y  o f  t h e  
c o n t r i b u t i n g  w a t e r s h e d  a r e a  r e v e a l e d  an e x t r e m e  o v e r - g r a z e d  
c o n d i t i o n  wh ich  h a s  c a u s e d  i n c r e a s e d  w a t e r  y i e l d  and  e x t e n s i v e  
e r o s i o n .  T h i s  c o n d i t i o n  c o u l d  b e  d e t e c t e d  q u l t e  c l e a r l y  
a s  h a v i n g  a  h i g h  r e f l e c t a n c e  on t h e  h i g h - a l t i t u d e  c o l o r  
i n £  r a r e d  p h o t o g r a p h y .  
G e n e r a l  s o i l s  maps ,  a s  a  r e s u l t  o f  t h e  above  f i n d i n g ,  
were  used  o n l y  a s  g u i d e l i n e s .  I f  a  d e t a i l e d  s o i l  c u r v e y  
i s  a v a i l a b l e  f o r  an a r e a  u n d e r  s t u d y ,  i t  can  add  s i g n i f i c a r  t l y  
t o  t h e  a c c u r a c y  o f  image i n t e r p r e t a t i o n ,  a n d  f e w e r  g round-  
c h e c k s  n e e d  b e  made. C o n s u l t a t i o n  w i t h  l o c a l  S o i l  C o n s e r v a -  
t i o n  S e r v i c e  s t a f f  i s  s t r o n g l y  u r g e d  d u r i n g  t h e  i n t e r p r e t i v e  
p r o c e s s .  
A p r o b l e m  common t o  S o u t h w e s t e r n  s e m i - a r i d  e n v i r o n m e n t s  
i s  t h e  l a c k  o f  c o n s i s t e n t  c h a n n e l  geomet ry  t o  c o n t r o l  r u n o f f .  
The mode of f l o w  i n  a r e a s  o f  l e s s  t h a n  two  t o  t h r e e  p e r c e n t  
s l o p e  i s  a  s h e e t  c o n f i g u r a t i o n  a f t e r  t:-.e c a p a c i t y  o f  m i n o r  
d r a i n a g e  c h a n n e l s  h a s  b e e n  e x c e e d e d .  When t h e s e  f l o w s  
c o a l e s c e ,  t h e y  may fo rm a  n e a r l y  c o n t i n u o u s  s h e e t  s e v e r a l  
h u n d r e d  m e t e r s  w ide  and  t e n  t o  t w e n t y  c e n t i m e t e r s  d e e p  
i n  a r e a s  o f  r e l a t i v e l ' y  f l a t  t o p o g r a p h y .  The s c o u r  r e g i o n s  
of  t h i s  t y p e  o f  f l o w  can  b e  s e e n  q u i t e  c l e a r l y  and  r e a d i l y  
on b a n d s  5 and  7 o f  t h e  ERTS i m a g e r y  and  on t h e  c o l o r  
i n f r a r e d  p h o t o g r a p h s .  S c o u r s  a p p e a r  a s  h i g h l y  r e f l e c t i v e  
a r e a s  o c c u r r i n g  on t h e  l o w e r  s l o p c s  o f  a l l u v i a l  f a n s .  
D i f f e r e n t i a l  r e f l e c t a n c e  o f  s c o u r  a r e a s  : c u r r i n g  i n  
c o r r i d o r s  a d j a c e n t  t o  c h a n n e l s  was i n t e r p r e t e d  t o  
r e p r e s e n t  t h e  a p p r o x i m a t e  l i m i t s  o f  t h e  ''50 y e a r "  and  
t h e  "100 y e a r "  f l o o d  e v e n t s .  T h a t  i s ,  where  d i f f e r e n t i a l  
t o n e s  were  e v i d e n t  a l o n g  s t r e a m  c h s : ~ r e l s ,  t h e  l i g h t e r  
t o n e s  were  i n t e r p r e t e d  t o  r e p r e s e n t  more r z c e n t  and  l o w e r  
volume r u n o f f  f l o w s  t h a n  t h e  d a r k e r  t o n e s  wh ich  r e p r e s e n t e d  
l a s s  f r e q u e n t  b u t  more s e v e r e  r u n o f f  e v e n t s  r o v e r i n g  l a r g e r  
a r e a s .  T h i s  a p p r o a c h  d o e s  n o t  a l l o w  one t c  a s s e s s  t h e  t i m e  
be tween o r  d u r a t i o n  o f  f l o w  e v e n t s ;  h o w e v e r ,  i t  c l e a r l y  
d e l i n e a t e s  b o u n d a r i e s  o f  p a s t  f l o o d  e v e n t s  o f  v a r i o u s  
m a g n i t u d e s .  
S h e e t - f  low d r a i n a g e  becomes a  p r o b l e m  when i t  con-  
s e q u e n t l y  a f f e c t s  human a c t i v i t i e s  and  uses o f  l a n d .  An 
example  o f  t h i s  i n t e r a c t i o n  t h a t  i s  e a s i l y  d e t e c t a b l e  on 
r e m o t e l y - s e n s e d  d a t a  i s  o v e r g r a z i n g ,  wh ich  a c c e l e r a t e s  
r u n o f f  a n d  e r o s i o n .  The e f f e c t s  o f  t h i s  a r e  s e v e r e  enough 
on t h e  u p s l o p e  r a n g e l a n d s  i n  t e r m s  o f  s o i l  l o s s ;  howevzr  
t h e  s u b d i v i s i o n  o f  l a n d s  i n  t h e  d i s c h a r g e  a r e a  o f  ep '  11 
s t r e a m s  makes n e c e s s a r y  c a r e f u l  m o n i t o r i n g  o f  c o n s t .  on 
a s  a  means f o r  i m p l e m e n t a t i o n  o f  f l o o d p l a i n  l a n d - u s t  
management r e g u l a t i o n s .  The n e c e s s a r y  m o n i t o r i n g  i s  most  
e f f i c i e n t l y  c a r r i e f .  o u t  b y  an o n g o i n s  p r o g r a m ,  g a t h e r i n g  
d a t a  o v e r  t i m e .  
The ERTS-1 p r o d u c t ,  i n  b a n d s  MSS 4 ,  5 ,  a n d  7 ,  was u s e d  
t o  c o m p i l e  a  w a t e r s h e d  a r e a  map o f  t h e  e n t i r e  c o u n t y ,  a n d  
s e v e r a l  r u n o f f - c o n t r i b u t i n g  a r e a s  o u t s i d e  t h e  c o u n t y ' s  
b o u n d a r i e s .  T h i s  imaqe ry  was u s e d  i n  t h e  f g x n  o f  70 m m .  
c l ~ i p s  f o r  enhancemen t  i n  t h e  c o l o r  a d d i t i v e  v i e w e r  and  i n  
a l l  a v a i l a b l e  e n l a r g e m e n t  modes. By v i e w i n g  t h e s e  
t r a n s p a r e n c i e s  i n  c o l o r  e n h a n c e m e n t  and  on t h e  l i g h t  t a b l ? ,  
Yj ' *  a map o f  a p p a r e n t  w a t e r s h e d  c o n f i g u r a t i o n s  was a s s e m b l e d  ! 
.h* 
and  p l o t t e d  a t  l : 6 2 , 5 9 O .  Ground-checks  o f  t h e  w a t e r s h e d  
d e l i n e a t i o n  map r e v e a l e d  t h a t  s u b t l e t i e s  o f  d r a i n a g e  
p a t t e r n s  and  e r o a i c n a l  f e r t u r e s  i n t e r p r e t e d  f rom ERTS 
i m a g e r y  a t  1 : 2 5 0 , 0 0 0  was n e a r l i  e q u a l  t o  t h e  o u t p u t  o f  
a  s i m i l a r  a n a l y s i s  o f  t h e  h i g h - a l t i t u d e  c o l o r  i n f r a r e d  
t r a n s p a r c n c i e s ,  C o l o r  i n f r a r e d  p h o t o g r a p h y  a s  shown i n  
F i g u r e  2 i s  an i d e a l  b a c k u p  s y s t e m  f o r  g e o m o r p h i c  
i n t e r p r e t a t i o n  i f  a n a l y s i s  a t  t h e  i n d i v i d u a l  s u b d i v i s i o n  
l e v e l  i s  d e s i r e d  a s  a component  q f  t h e  r e g u l a t i o n  f u n c t i o n  
o f  a l o c a l  p l a n n i n g  d e p a r t x e n t .  
V e g e t a t i o n  
V e g e t a t i o n  d a t a ,  b o t h  i n t e r p r e t e d  from r e m o t e -  
s e n s o r  s o u r c 2 s  and o b s e r v e d  i n  d e t a i l  on t h e  g r o u n d ,  
was u s e f u l  f o r  delineation o f  f l o o d w a y s .  T h e  dominan t  
v e g e t a t i o n  t y p e s  f o r  a g i v ~ n  a r e a  i r  c v n s i s t e n t l y  a s s o -  
c i a t e d  w i t h  s o i l s  a n d  m o i s t u r e  r e g i m e ,  a s  w e l l  a s  w i t h  
c l i m a t o l o g i c a S  f a c t o r s .  
P r i m a r y  d ~ l i n e d t i o n s  o f  r i p a r r a r l  ( P r o s o p i s  d c m i n a t e d )  
v e g e t a t i o n  was c o n d u c t e d  u s i n g  E R T F  e n l a r g e m e n t s  i n  b a n d s  
MSS 4 and  7 .  h i g h - a l t i t u d e  c o l o r  i n f r a r e d  p h o t o g r a p h s  
were  f o ~ n d  n e c e s s a r y  £01 d e t a i l e d  d e l i n e a t i o n s  i n  s m a l l e r  
channe l  s ( G O  f e e t  i n  w i d t h )  ( F i g u r e  2 )  . E r o s i o n - a f  f e c t e d  
s o i l  t o n e s  i n  a r e 3 s  a d j a c e n t  t o  a c t i v e  c h a n n e l s  p r o v e d  
b e n e f i c i a l  i n  t h a t  'he h e i g h t e n e d  c o n t r a s t  s e r v e d  t o  e n h a n c e  
r e s o l u t i o n  o f  vegetation-type b o u n d a r i e s .  Ground-checked  
i n t e r p r e t a t i o n  c o n f j  rme?. a  c l o s e  a g r e e m e n t  be tween  a r e a s  
d e s i g n a t e d  f l o o d  h a z a r d  z o n e s  on t h e  b a s i s  o f  v e g e t a t i o n  
a n a l y s i s  and  t h o s e  g e ~ e r a t c d  b y  h y d r o l o g i c  c a l c u l a t i o n .  
Whi le  p h o t o i n t e r p r c t i v e  t e c h n i q u e s  b a s e d  on v e g c t a -  
t i o n  a n a l y s i s  a r e  h i g h l y  u s e f u l  f o r  f l o o d p l a i n  mapping  i n  
s e m i - a r i d  s i t u a t i o n s ,  g r o u n d  o b s e r v a t i o n  o r  l o w - a l t i t u d e  
o b l i q u e  v i e w s  a r e  i m p c r t a n t  f o r  r e f i n e m e n t  o f  d a t a .  A s s e s s -  
mpnt o f  t r e e  c o n d j t i o n  i n  and  n e a r  c h a n n e l s  h a s  p o t e n t i a l  
a s  a d a t a  s o u r c e .  E x a m i n a t ~ ~ n  o f r i p a r i d n  g r o w t h  by  i n f r a -  
r e d - s e n s i t i v e  p h o t o g r a p h i c  method i n  a  l o w - a l t i t u d e  
o b l i q u e  mode o f f e r s  t h e  p o s s i b i l i t y  cf p a r t i a l  e l i m i n a t i o n  

o f  g r o u n d - c h e c k s  and  t h e  c a p a b i l i t y  o f  c o v e r a g e  o f  l a r g e  
a r e a s  w i t h i n  a r e l a t i v e l y  s h o r t  t i m e .  
An a d d i t i o n a l  v e g e t a t i o n - r e l a t e d  f a c t o r  w h i c h  i s  
w o r t h y  of  i n c l u s i o n  i n  t h e  a n a l y t i c a l  p r o c e s s  i s  f l o o d -  
d e p o s i t e d  d e b r i s .  T h i s  means o f  e s t a b l i s h i n g  h i g h - w a t e r  
l i m i t s  i s  o b v i o u s l y  l i m i t e d  t o  g round-check  o b s e r v a t i o n ,  
u n l e s s  t h e  d e b r i s  i s  o f  c o n s i d e r a b l e  m a g n i t u d e .  T h i s  p a r t  
o f  t h e  v e g e t a t i o n - b a s e d  method o v e r l a p s  t o  some e x t e n t  t h e  
h i s t o r i c  d a t a  method a t  t h e  r e c e n t  e n d  o f  t h e  s c a l e .  
H y d r o l o g i c  C a l c u l a t i o n  
The p r o c e d u r e s  u s e d  i n  making t h e  h y d r o l o g i c  c a l c u -  
l a t i o n s  were  b a s i c a l l y  t h o s e  o f  t h e  U . S .  D e p a r t m e n t  o f  
A g r i c a l t u r e  S o i l  C o n s e r v a t i o n  S e r v i c e  ( S C S ) ,  N a t i o n a l  
E n g i n e e r i n g  Handbook,  S e c t i o n  4 H y d r o l o g y .  A d e t a i l e d ,  
s t e p - b y - s t e p  p r o c e s s  i s  p r e s e n t e d  i n  t h e  SCS p u b l i c a t i o n .  
A l l  g r a p h i c  and  t a b u l a r  d a t a  g e n e r a t e d  b y  t h i s  me thad  a r e  
on  f i l e  i n  t h e  C o c h i s e  County  P l a n n i n g  D e p a r t m e n t  o f f i c e  
i n  B i s b e e ,  A r i z o n a .  
H y d r o l o g i c  c a l c u l a t i o n s  w e r e  done  b a s e d  on v a l l e y  
c r o s s - s e c t i o n s  s u r v e y e d  a t  t w o - t o - t h r e e  m i l e  i n t e r v a l s ,  
and  on t h e  p a r a m e t e r s  i n c l u d e d  i n  t h e  SCS d i s c h a r g e  
e q u a t i o n :  
Where : 
P  
= p e a k  d i s c h a r g e  i n  c f s  
A = d r a i n a g e  a r e a  i n  m i  2 
Q - s t o r m  r u n o f f  i n  i n c h e s  
D = s t o r m  d u r a t i o n  i n  h o u r s  
T = t i m e  0 6  c o n r e n t r a t i o n  i n  h o u r s  
C 
4 8 4  i s  a  c o n s t a n t  f o r  u n i t s  u s e d  
V a l u e s  f o r  v a r i a b l e s  i n  t h e  p r e v i o u s  e q u a t i o n  w e r e  d e t e r m i n e d  
u s i n g  c u r v e s  i n  t h e  SCS Handbook. D a t a  u s e d  t o  e n t e r  t h e  
c u r v e s  w e r e  d e t e r m i n e d  b y  a n a l y s i s  o f  r e m o t e l y - s e n s e d  i m a g e r y  
w i t h  g round-check  c o o r d i n a t i o n .  One o f  t h e  v a r i a b l e s  w h i c h  
i s  o f  o b v i o u s  s i g n i f i c a n c e  i s  d r a i n a g e  a r e a ;  a s  s t a t e d  
p r e v i o u s l y  t h i s  d a t a  was  n o t  a v a i l a b l e  f o r  mos t  o f  t h e  c o u n t y .  
The w a t e r s h e d  map, w h i c h  d a s  o n e  o f  t h e  e a r l y  p r o d u c t s  o f  t h i s  
s t u d y ,  p r o v i d e d  f i g u r e s  for d r a i n a g e  a r e a .  T i n e  of  c o n c e n t r a -  
t i o n ,  wh ich  i s  t h e  t i m e  r e q u i r e d  f o r  w a t e r  f a l l i n g  on t h e  mos t  
h y d r o l o g i c a l l y  remoLe p o r t i o n  o f  a  w a t e r s h e d  t o  r e a c h  t h e  
p o i n t  o f  c o n c e n t r a t i o n  o r  d i s c h a r g e ,  was a l s o  o b t a i n e d  d u r i n ~  
t h e  d e l i n e a t i o n  o f  d r a i n a g e  p a t t e r n s .  Tuo a d d i t i o n a l  f a c t o r s  
w h i c h  a r e  n e c e s s a r y  i n  o r d e r  t o  o b t a i n  v a l u e s  f o r  t h e  component  
v a r i a b l e s  i n  t h e  SCS e q u a t i o n  a r e  " c u r v e  number"  and  " s o i l  
h y d r o l o g i c  g r o u p . "  T h e s e  v a l u e s  a r e  t h e  p r o d u c t  o f  a  complex  
o f  r e l a t i o n s h i p s  b e t w e e n  f o u r  b a s i c  f a c t o r s :  (1) c l i m a t e ,  
m a i n l y  r a i n f a l l  and  t e m Q e r a t u r e ;  (2) s o i l ,  i t s  r e s i s t a n c e  
t o  e r o s i o n  and  r a t e  o f  w a t e r  i n t a k e ;  ( 3 )  t o p o g r a p h y ,  l e n g t h  
and  i n c l i n e  o f  s l o p e ;  a n d  ( 4 )  c a n o p y .  S o i l  h y d r o l o g i c  g r o u p s ,  
as d e f i n e d  b y  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e ,  a r e  b a s e d  upon 
t h e  c a p a c i t y  o f  a s o i l  t o  t r a n s m i t  w a t e r  when t h e  s o i l  i s  i n  
a  s a t u r a t e d  c o n d i t i o n .  A h i g h  r a t e  o f  w a t e r  t r a n s m i s s i o n  
i s  a s s o c i a t e d  w i t h  low r u n o f f  p o t e n t i a l .  
S o i l  h y d r o l o g i c  g r o u p s  a n d  c u r v e  number s  w e r e  e v a l u a t e d  
u s i n g  ERTS 70 mrn. c h i p s  i n  c o l o r  i n f r a r e d  e n h a n c e m e n t ,  a n d  
h i g h - a l t i t u d e  c o l o r  i c ~ r a r e d  p h o t o g r a p h s  i n  s t e r e o v i s i o n  mode 
a t  3x  m a g n i f i c a t i o n .  The b a s e s  f o r  t h i s  s e t  o f  i n t e r p r e t a t i o n s  
w e r e  g e n e r a l  s l o p e  c l a s s ,  s o i l  r e f l e c t a n c e  a s  an e r o s i o n  
i n d i c a t o r ,  and  a p p a r e n t  d e n s i t y  and  c o n d i t i o n  o f  v e g e t a t i o n  
c o v e r .  E s t i m a t e s  o f  h y d r o l o g i c  g r o u p s  w e r e  f o u n d  t o  b e  i n  
a g r e e m e n t  w i t h  sd i l  t y p e - h y d r o l o g i c  g r o u p  p l a c e m e n t  d e t e r m i n e d  
by  SCS i n  mos t  ( a p p r o x i m a t e l y  8 5  p e r c e n t )  o f  t h e  a r e a s  o b s e r v e d .  
O p e r a t o r  e x p e r i e n c e  w i t h  t h i s  t y p e  o f  i n t e r p r e t a t i o n  
c o u l d  r a i s e  t h e  a c c u r a c y  t o  a p p r o a c h  one  h u n d r e d  p e r c e n t .  
F l o o d p l a i n  l i n e s  g e n e r a t e d  b y  h y d r o l o g i c  t e c h n i q u e s  
were  assumed t o  b e  c o r r e c t ,  and  d e l i n e a t i o n s  made b a s e d  
upon t h e  v a r i o u s  p h o t o i n t e r p r e t i v e  me thods  w e r e  m e a s u r e d  
a g a i n s t  t h e s e  l i n e s .  A l t h o u g h  s t a t i s t i c a l  c o n t r o l s  w e r e  
n o t  p a r t  o f  t h i s  p r o j e c t ,  t h e  c o n f i d e n c e  l e v e l  w i t h  wh ich  
o n e  c o u l d  i n t e r p r e t  f l o o d w a y s  on t h e  r e m o t e l y - s e n s e d  image ry  
r e a c h e d  a p p r o x i m a t e l y  n i n e t y  p e r c e n t ;  i . e . ,  i n  a  o n e - m i l e  
r e a c h  o f  w e l l - d e f i n e d  c h a n n e l  t h e  f l o o d p l a i n  a r e a  g e n e r a t e d  
f rom a n a l y s i s  o f  a l l  i m a g e r y  c o v e r e d  a p p r o x i m a t e l y  n i n e t y  
p e r c e n t  c f  t h e  a r e a  o f  i n u n d a t i o n  d e r i v e d  by h y d r o l o g i c  
me thods .  I n  a r e a s  w i t h o u t  w e l l - d e f i n e d  c h a n n e l s  o r  i n  a r e a s  
u n d e r  c u l t i v a t i o n ,  r e m o t e - s e n s o r  t e c h n i q u e s  f a r  s u r p a s s e d  
h y d r o l o g i c  methods  i n  d e l i n e a t i n g  a r e a s  known t o  b e  s u b j e c t  
t o  f l o o d i n g .  
H i s t o r i c  D a t a  
The h i s t o r i c  d a t a  i n p u t  i n t o  t h e  s y s t e m  o f  f l o o d p l a i n  
d e l i n e a t i o n s  i s  d e p e n d e n t  upon two componen t s :  (1) l o c a t i o n  
o f  h i g h - w a t e r  m a r k s ,  and  ( 2 )  o b t a i n i n g  a  r e c o r d  o f  t h e  
amount o f  r a i n f a l l  wh ich  r e s u l t e d  i n  t h e  g i v e n  h i g h - w a t e r  
mark. T h i s  was t h e  l e a s t  r e l i a b l e  o f  t h e  m e t h o d s  i n  t h i s  
f l o o d p l a i n  d e l i n e a t i o n  scheme.  D e g r e e  o f  a v a i l a b i l i t y  o f  
d a t a  c o n s t i t u t e s  a  s i g n i f i c a n t  c o n s t r a i n t  on t h i s  me thod .  
P r e c i p i t a t i o n  r e c o r d s  i n  t h e  c o u n t y  a r e  i n a d e q u a t e ,  a n d  s t r e a m -  
f l o w  gauge  r e c o r d s  a r e  v i r t u a l l y  n o n - e x i s t e n t  e x c e p t  on t h e  
San P e d r o  R i v e r .  P h o t o g r a p h i c  e v i d e n c e  o b t a i n e d  f rom l o c a l  
n e w s p a p e r s ,  a s  a e r i a l  p h o t o s ,  i n  low a l t i t u d e  o b l i q u e  mode, 
a r e  o f t e n  t a k e n  by j o u r n a l i s t s  t o  r e c o r d  f l o o d s  o f  s i g n i f i c a n t  
p r o p o r t i o n s .  Ground p h o t o s  f rom newspape r  s o u r c e s  c a n  b e  
used  t o  d e t e r m i n e  w a t e r  l e v e l s  r e l a t i v e  t o  s t r u c t u r e s .  
I n t e r p r e t a t i o n s  made  f r o m  o t h e r  m e t h o d s  c a n  b e  f i e l d - c h e c k e d  
by  i n t e r v i e w  w i t h  l o c a l  r e s i d e n t s ,  a n d  w i t h  e m p l o y e e s  o f  t o w n  
g o v e r n r n c n t  a g e n c i e s ,  who o f t e n  a r e  d i r e c t l y  i n v o l v e d  d u r i n g  a 
f l o o d i n g  e v e n t .  
APPLICATIONS 
L o c a l  g o v e r n m e n t a l  p l a n n i n g  a g e n c i e s  h a v e  t r a d i t i o n a l l y  
r e g u l a t e d  t h e  d e s i g n  o f  new s u b d i v i s i o n s  b y  a d o p t i o n  o f  
l o c a l  r e g u l a t i o n s ,  w h i c h  sometimes r c q u i r e  ( a m o n g  o t h e r  
c o n s i d e r a t i o n s )  minimum d r a i n a g e  d e s i g n  c r i t e r i a .  W i t h  t h e  
p a s s a g e  r L m a n d a t o r y  f l o o d p l a i n  r e g u l a t i o n s  a t  t h e  s t a t e  
l e v e l ,  . ~ c a l  p l a n n i n g  a g e n c i e s  a r e  now f a c e d  w i t h  t h e  
c o m p r e b a n s i v e  d e l i n e a t i o n  o f  f l o o d p l a i n s .  
T h e  C o c h i s e  C o u n t y  P l a n n i n g  D e p a r t m e n t  (CCPD) r c s p o n d e d  
t o  t h i s  m a n d a t e  b y  u t i l i z i n g  N A S A  r e m o t e l y  s e n s e d  d a t a  t o  
d e t e r m i n e  a r e a s  o f  p o t e n t i a l  f l o o d i n g .  
T h e  s u c c e s s  o f  t h i s  p r o j e c t  i s  v i e w e d  o p t i m i s t i c a l l y ,  
i n  t h a t  c a l c u l a t i o n s  s u b m i t t e d  b y  d e v e l o p e r s  o n  t h e  p r o b a b i l -  
i t i e s  o f  t h e i r  d e v e l o p m e n t  b e i n g  f l o o d e d  h a v e  a l r e a d y  b e e n  
s h o w n  t o  b e  i n  e l - r o r .  S u b d i v i s i o n  l a y o u t s  i n  t h e  v i c i n i t y  
o f  W i l l c o x ,  A r i z c n a  ( F i g u r e 3 )  h a v e  b e e n  s i g n i f i c a n t l y  
a l t e r e d  ( F i g u r e  4 )  d u r i n g  t h e  a p p r o v a l  p r o c e s s  o f  t h e i r  
d r a i n a g e  d e s i g n s  u p o n  d e m o n s t r a t i o n  b y  t h e  CCPD u s i n g  r e m o t e l y  
s e n s e d  i m a g e r y  t h a t  t h e  a r e a  w a s  f l o o d p r o n e  a n d  t h e  w a t e r s h e d  
b o u n d a r y  w a s  many t i m e s  g r e a t e r  t h a n  s u p p o s e d  b y  t h e  d e v e l o p e r ' s  
e r . g i n e e r .  
T h e  c o n s e q u c n c e  o f  m i s i n t e r p r e t a t i o n  o f  f l o o d i n g  p o t e n t i a l  
i n  t h e  a r e a  w o u l d  r e s u l t  i n  r u n o f f  e x c e e d i n g  t i l e  d e s i g n  
f e a t u r e s  o f  t h e  d c v c l o p m e n t .  C o c h i s c  C o u n t y ,  c o n s i s t i n g  
o f  4 m i l l i o ~ i  a c r e s ,  i s  e x p e r i e n c i n g  r a p i d  d c v c l o p m e n t .  T h e  
CCPD c a n  now,  w i t h  o n l y  l i m i t e d  f u n d s  a n d  m a n p o w e r ,  g u i d e  
d a v c l o p m c n t  m o r e  w i s c l y  away  f r o m  f l o o d p r o n c  a r e a s  t h r o u g h  
the u s e  o f  r e m o t e  s e n s i n g  t e c h n i q u e s .  
F i g u r e  3 ,  T e n t a t i v e  P l a t  Sunny A c r e s ,  " e b r u a r y ,  1 9 7 3  
. , .  I I 
4: I . , .  . -  
-.-... ".. 
--- 
.- - .-. 
E r n  
. .. 
I C  
u- 
F i g u r e  4 .  T e n t a t i v e  P l a t  Sunny A c r e s ,  October, 1 9 7 3  
SUMMARY OF SIGNIFICANT RESULTS 
The s u c c e s s f u l  a p p l i c a t i o n  o f  t h e  ERTS-1 p r o g r a m  i n  
a p r o b l e m  a r e a  o f  c o n c e r n  t o  l o c a l  p l a n n i n g  a g e n c i e s  i s  a  
m a j o r  p r o d u c t  o f  t h i s  s t u d y .  The d e l i n e a t i o n  o f  a r e a s  
s u b j e c t  t o  i n u n d a t i o n  by  means  o f  r e m o t e l y - s e n s e d  d a t a  
a c q u i s i t i o n  r e p r e s e n t s  a  c o n s i d e r a b l e  s a v i n g  i n  p e r s o n n e l  t i m e .  
R e p e a t e d  i n p u t  f rom a e r i a l  s e n s o r  s o u r c e s  p r o v i d e s  t h e  p l a n n e r  
a t  t h e  c o u n t y  o r  town l e v e l  a  p o t e n t  t o o l  f o r  t h e  f o r m a t i o n  
o f  a  d a t a  b a s e  and  f o r  t h e  m o n i t o r i n g  o f  l a n d - u s e  p a t t e r n s  
o v e r  t i m c  . 
The p r i m a r y  o u t p u t  o f  t h i s  p r o j e c t  was a  s e t  o f  b a s e  
map o v e r l a y s  a t  a  s c a l e  o f  1 : 6 2 , 5 0 0  d e l i n e a t i n g  a r e a s  w h i c h  
r e q u i r e  s p e c i a l  r e g u l a t i o n ,  u n d e r  s t a t e  l a w ,  when p r o p o s e d  
f o r  l a n d  u s e  i n v o l v i n g  human h a b i t a t i o n  o r  c e r t a i n  c l a s s e s  
o f  s t o r a g e ,  a s  o u t l i n e d  i n  House  B i l l  2010 ( F i g u r e  5 ) .  T h e s e  
o v e r l a y s  were  p r e s e n t e d  t o  t h e  B o a r d  o f  S u p e r v i s o r s  o f  
C o c h i s e  Coun ty  f o r  i m p l e m e n t a t i o n  i n t o  t h e i r  s u b d i v i s i c . ~  
r e g u l a t i o n  s t r u c t u r e  a s  o f  4 F e b r u a r y  1 9 7 4 .  
A s e c o n d a r y  p r o d u c t  o f  t h e  s t u d y  was c o u n t y - w i d e  
n a p s  ( F i g u r e  6 )  o f  w a t e r s h e d  c o n f i g u r a t i o n s  and  o f  s o i l  
h y d r o l o g i c  g r o u p s .  F u r t h e r  r e s e a r c h  i s  a n t i c i p a t e d  t o  e x t e n d  
t h e  mapping  o f  w a t e r s h e d  a r e a s  o u t s i d e  t h e  p o l i t i c a l  b o u n d a r i e s  
o f  C o c h i r e  C o u n t y ,  w h i c h  w i l l  p r o v i d e  d a t a  f o r  s u b s e q u e n t  
r a i n f a l l - r u n o f f  r e l a t i o n s h i p  s t u d i e s  i n  t h e  a r e a .  
A l l  of  t h e  d a t a  p r o v i d e d  f rom t h i s  p r o j e c t  ' . , i l l  b e  
i n c o r p o r a t e d  i n t o  t h e  C o c h i s e  Coun ty  c o m p o s i t e  c o m p u t e r  
mapping  p r o j e c t  now o p e r a t i o n a l  u n d e r  p a r t i a l  f u n d i n g  f rom 
t h e  Coun ty  S u p e r v i s o r s .  Land-use  p l a n n i n g  d e c i s i c n s  a r e  
o n l y  a s  good a s  t h e  b a s i c  d a t a ,  and  r e s u l t s  o f  t h i s  p r o j e c t  
h a v e  improved  t h e  p o o l  o f  i n f o r m a t i o n  a v a i l a b l e  t o  t h e  
p l a n n i n g  s t a f f  o f  C o c h i s e  Coun ty .  
o f  I n u n d a t i o n  
r .  S t o r m  
o f  I n u n d a t i o n  
, 8 
100 Yr. S t o r m  
l i l i l ~ r e a  S u b j e c t  t o  F l o o d i n g  
' ~ ' l l w i  t h  L e s s  Than  50 Yr. 
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F i g u r e  5 .  P o r t i o n  o f  Remote S e n s i n g  D e r i v e d  
O v e r l a y  o f  F l o o d i n g  P o t e n t i a l  ( s h e e t  i 
\ f 2 )  n e a r  W i l l c o x ,  A r i z o n a  
F i g u r e  6 .  P o r t i o n  o f  D e l i n e a t i o n  o f  W a t e r s h e d s  C o n t r i b u t i n g  
Flow i n t o  M i l l c o x  P l a y a  Based  Upon I n t e r p r e t a t i o n  
of  ERTS-1/MSS Image ry  and  H i g h - A l t i t u d e  C o l o r  
I n f r a r e d  P h o t o g r a p h y  
R E F E R E N C E S  
A r i z o n a  W a t e r  C o m m i s s i o n  
1 9 7 3 ,  F l o o d p l a i n  D e l i n e a t i o n  C r i t e r i a  a n d  P r o c e d u r e s .  
R e c k e n d o r f ,  F r a n k  F. 
1 9 6 8 ,  M e t h o d s  o f  I d e n t i f i c a t i o n  a n d  F lapp ing  o f  F l o o d -  
i n s .  P r e s e n t e d  a t  t h e  1 9 6 8  a n n u a l  m e e t l n g  o f  t h e  
A m e r i c a n  S o c i e t y  o f  A g r i c u l t u r a l  E n g i n e e r s ,  L o g a n ,  U t a h .  
U .  S .  Army C o r p s  o f  E n g i n e e r s ,  L o s  A n g c l e s  D i s t r i c t  
R e c o n n a i s s a n c e  R e p o r t  on W i l l c o x ,  A ~ i z o n a  a n d  
V i c i n i t y .  
USDA S o i l  C o n s e r v a t i o n  S e r v i c e  
1.971, G e n e r a l  S o i l  S u r v e y ,  C o c h i s e  C o u n t y ,  A r i z o n a .  
USDA S o i l  C o n s e r v a t i o n  S e r v i c e  
1 9 7 1 ,  N a t i o n a l  E n g i n e e r i n g  H a n d b o o k ,  S e c t i o n  4, 
H y d r o l o g r .  U.S.G.P.O. W a s h i n g t o n ,  D . C .  
U .  S .  W a t e r  R e s o u r c e s  C o u n c i l  
1 9 6 9 ,  R e g u l a t i o n  o f  F l o o d  H a z a r d  A r e a s  t o  R e d u c e  
F l o o d  ~ o s s e s .  U.S.G.P.O. W a s h i n g t o n ,  D . C .  
APPENDIX I 
COCHISE COUNTY FLOODPLAIN STUDY 
ERTS-1 PROPOSAL 100 
COSTS 
-
Salaries : 
R. Clark 25 man-weeks 
J. Altenstadter 3 man-weeks 
F. Ambriz (Draftsman) 2 man-weeks 
Travel : 
10,000 miles @ .10/mi 
Travel to GSFC, Oct. 73 
Photographic Processing: 
ERTS Enlargements 
Polaroid Film 
Equipment 
Kail K-10 Stereoscope 
Polaroid C ~ m e r a  
TOTAL 
BENEFITS 
Benefits accruing to Cochise County as a result of the zpplication 
of data acquired hy NASA's earth resources technology satellite and 
accompanying high-altitude aircraft are presented in outline form below: 
h'atcrshed Mz 
A map delineating \satcrshed boundarie; and areas for the entire 
county was generated early in the project, using ERTS-1 multispectral 
scanner (mss) imagery in enlarged mode jl:?52, SOO!, m.i color infrared 
photographs (1 : 120,000). Significant rcvislv. . .-  made on existing, 
partial coverage, drainage maps. This activi ~jresented i O  i>ercent 
of project time. 
Soil Hydrologic Group ?!a2 
A soil hydrologic group map was compiled, based upon interpretation 
of potential runoff and infiltration. Several corrections were added 
to the USD.l/Soil Conservation Service hydrologic groups due to environ- 
mental changes since initial survey of soil association. The capability 
of remote sensor techniques ro monitor changes in environmental factors, 
such as overgrazing, removal of vegetstion, and erosion and gullying 
results in a distinct advantage to one who is engaged in land use planning 
over a large area. This phase occupied 10 percent of project time. 
Flood Area Overlays 
The final product of the project was a set of overlays, at county 
base map scale (1:62,500). Delineating areas subject to inundation by 
storm runoff. The overlays, flccompanied by a floodplain management 
ordinance, are for use by the Cochise County Planning Department and the 
County Engineer in the process of evaluation of proposed subdivision of 
land. This phase required 80 pcrccnt of project time. 
Enhancement of Decision Making Capnbili ty 
- 
A major problem associated with the mnagemcnt of land use has 
been acquisition of sufficient data to conduct a rational decision 
process. A further complication in mucn of the southhest is the sub- 
division of lmd.; i n  rcnlotc areas. By employing remote sensor data 
the county-lcvel planner is supplicd ~ i t l i  currcnt , s!.r,apt ic, views of 
the area of jurisdiction. Data acquired during this project could not 
otherwise have bocn obtained within budgetary and personnel constraints. 
Cost Savings to Local Government 
A project of the areal magnitude require.! in this instance was 
early determined to be beyond the reasonable c,+bility of the county 
engineering staff. Tile State Legislation which initiated the floodplain 
study carried no provision for funding, ,or assistanci to local govern- 
ment. By use oi imagery received under proposal 100 the County Planning 
Department wss able to comply with the directives of state law, and to 
avoid tne high costs and long lag times associated with Corps of Engineers 
and consultant-based projects. It is estimazed that the cost of this 
project is at least one order of magnitude below the cost of a traditional, 
on-the-ground, engineering study. 
Benefits to the General Public 
Benefits zccruing to the general public are an important component 
of a study concerning land use planning in areas of potential environ- 
mental hazard. These Lenefits, however, are virtually impossible to 
quantify without a parallel study to assess property values within flood- 
prone areas. Such a stage vs. damage analysis was not a part of this 
p r o j e c t .  I t  i s  a n t i c i p a t e d  t h a t  savings  t o  t h e  p u b l i c  a r e  cons iderab le  
when s t a t e d  i n  terms o f  r e s i d e n t i a l  d e v e l ~ p m e n t  t h a t  w i l l  n o t  now occur 
i n  a r e a s  s u b j e c t  t o  f looding.  R t s l  and persona l  p roper ty  p r e s e n t l y  
- - -  
loca ted  i n  f lood hazard a r e a s  w i l l  n o t ,  under e x i s t i n g  r e g u l a t i o n s ,  
become a non-conforming use.  Such p roper ty  w i l l  t e  s u b j e c t  t o  unundation,  
and nay be r e b u i l t  on i t s  s i t e  i f  damaged. The p r o j e c t  r e s u i t s  w i l l  a i d  
those  persons whose p r o p e r t i e s  a r e  loca ted  i n  f lood-prone a r e a s  i n  ob ia in -  
i n g  f lood insurance under f e d e r a l  programs. Fur the r ,  a l l  r e s u l t s  a r e  
open t o  p u b l i c  examination s o  t h a t  i n d i v i d u a l s  cons ider ing  purchase o f  
p roper ty  can e v a l u a t e  f looding p o t e n t i a l  o f  an a r e a  o f  i n t e r e s t .  
